Strains of Escherichia coli K-12 carrying the dnaA46 mutation exhibited a progressively decreasing DNA concentration and a progressively increasing cell size as the temperature was raised from 31 to 370C. Above 370C, steady-state exponential growth could not be maintained. The increase in average cell size with increasing growth temperature was due to an increase in cell length. There was no change in cell width. This seems to rule out the hypothesis that the increase in cell width in thy strains cultivated on low concentrations of thymine is due to the decrease in DNA concentration which also occurs under these conditions.
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Under conditions of steady-state exponential growth, cells of Escherichia coli and related bacilliforms increase in size by extending only in length. When the culture growth rate is increased, average cell size also increases (5, 22) . At the new steady-state growth rate, the cells also extend only in length, yet they will now have a larger diameter (4, 22) . An increase in cell diameter also occurs in thymineless auxotrophs when the concentration of thymine in the growth medium is reduced, even if the reduction in concentration is insufficient to alter the growth rate (11, 27) .
These changes in diameter (which must occur only during the transition between one growth rate and another or between one thymine concentration and another) have attracted considerable interest because of the possibility that they might provide new insight into the mode of growth of the cell envelope, into the determination of cell shape, and into the control of cell division (18) . In this connection, the effect of thymine concentration on the diameter of thy strains appeared to be particularly significant, since the only established essential role for thymine was as a component of the DNA precursor thymidine triphosphate (dTTP).
When the thymine concentration in the growth medium of a thy strain is reduced, the rate of DNA chain elongation is also reduced (20) . The effect of this is to reduce the average DNA concentration (the DNA-mass ratio) of the culture. An increase in the growth rate of a thy' culture has exactly the same effect on DNA concentration (18) . Thus it was attractive to consider the possibility that the change in cell diameter was related to the change in DNA concentration in both cases, and a number of hypotheses which could account for this correlation have been proposed (17, 18, 27) .
To test these hypotheses, we have used a third method of altering the DNA concentration of a culture, which involves neither thymine limitation of a thy strain nor a substantial change in growth rate. Strains carrying thermosensitive mutations in the dnaA gene of E. coli cannot initiate new rounds of replication at nonpermissive temperatures (6) . At some permissive temperatures, we find that a dnaA strain has a lower DNA concentration than an isogenic dnaA+ strain cultivated at the same temperature. If there were a correlation between DNA concentration and cell diameter, then under these growth conditions dnaA strains should have a greater diameter than corresponding dnaA+ strains. Measurements reported in this paper show that this is not the case.
Our data therefore indicate that there is no relationship between DNA concentration and cell width.
MATERIALS AND METI ODS
Strains, media, and cultural conditions. Two strains ofE. coli K-12 were used. A3 is a strain carrying the dnaA46 mutation (8) . A3+ is a bacteriophage P1-mediated transductant of this strain which is dnaA+. Both strains are thr leu thi supE and lacY. The source of A3 has been described previously (25) . The strains were cultivated in M9 minimal salts medium supplemented with glucose (0.2%), the required L-amino Measurements. Absorbance was measured at 450 nm with a Gilford microsample spectrophotometer, and particle number was determined with a Coulter Counter model B. Viable cells were estimated from samples diluted in phosphate buffer and spread on agar plates. Relative rates of DNA synthesis were determined by adding ['4C]thymidine (0.08 ,uCi/ml; 2 ug/ml) and uridine (1.5 mM) to the medium at least seven generations before assaying samples using standard procedures. The increment in DNA in "run-out" experiments was measured using the same labeling regime on cultures to which rifampin (Sigma) at approximately 150 1g/ml had been added. ,B-Galactosidase was assayed after addition of isopropyl-fl-D-galactopyranoside at a concentration of 5 x 10-4, and tryptophanase was assayed after addition of L-tryptophan at 0.5 mg/ml as previously described (15, 16 Figure 1 shows the results ofsuch an experiment. Absorbance, particle number, colony-forming units, and DNA were all measured while the culture density was maintained in the absorbance range from 0.1 to 0.3. It can be seen that all parameters measured increased exponentially at the same rate over several generations.
The average DNA concentration (counts per minute per unit of absorbance), obtained from experiments of the kind illustrated in Fig. 1 , was determined for both A3 and A3+ over a range of temperatures. The data obtained are shown in Fig. 2 together with corresponding data for average cell size (absorbance unit per particle). It can be seen that in A3+ both parameters were constant over the temperature range studied. In A3, on the other hand, the DNA concentration fell progressively and cell size increased with increasing temperature.
It will be seen that at no temperature was cell size in A3 identical to that in the isogenic A3+. Nor was the growth rate identicaL This suggests that at no temperature does the dnaA46 allele give a fully nonmutant phenotype. This is confirmed by the data in Table 1 , which show that A3 is cold sensitive with respect to colony-forming ability, particularly on enriched media. Evidence is presented elsewhere (14a) that this cold sensitivity is a pleiotropic effect of the dnaA46 allele. For the purpose of the present study it is sufficient to note that steady-state exponential growth in Casamino Acids-enriched medium could be obtained between 31 and 37°C.
A progressive fall in DNA concentration with increasing growth rate is anticipated in a strain carrying a thermosensitive initiation mutation. Initiation of new rounds of chromosome replication is known to occur when the average mass occupied by one chromosome origin (the initiation mass) reaches a particular value (3, 19 (Fig. 3) . This indicates that the concentration of the tryptophanase gene was falling and hence that the initiation mass was increasing. A similar effect of temperature on the capacity to synthesis ,B-galactosidase was also found.
Cell diameter versus temperature. Sacculi were prepared from the steady-state exponential cultures growing at 31, 34, and 37°C that had been used to determine the DNA concentrations in Fig. 2 . The diameters of these were determined, and the data obtained are presented in the form of histograms (Fig. 4) . It can be seen that the average diameter of sacculi from A3 was not influenced by the incubation temperature and was identical to that of A3+. The width distributions were similar in all cases. It follows that the increase in cell size shown in Fig. 2 was entirely due to an increase in average cell length. This increase in length was obvious from cursory microscopic inspection, but a quantitative analysis of it was not undertaken. DISCUSSION It has been suggested (18, 20) that the differences in diameter exhibited by cells of E. coli thy strains cultivated in media containing different thymine concentrations, and the similar differences found in thy' strains cultivated at different growth rates, are a consequence of differences in the rate of envelope synthesis relative to the rate of synthesis of total mass. Thus it is supposed that a reduction in thymine concentration reduces the relative rate of envelope synthesis and consequently lowers the surface-tomass ratio. In the absence of a change in the density of the cell cytoplasm there would be a corresponding reduction in the surface-to-volume ratio, the cells becoming, in effect, more spherical.
It has furthermnore been supposed (18) that the reduced differential rate of envelope synthesis reflects a reduction in the concentration of a gene whose product is rate limiting for surface extension. The attraction of this notion and others like it (17, 27) was that a single hypothesis accounted quantitatively for both the growth rate effect and the thymine concentration effect on cell diameter, since both types of change in cultural conditions result in similar alterations in the overall DNA concentration and in the concentration of particular genes or regions of the chromosomes (see ref. 18 ).
This hypothesis, that observed changes in diameter are a consequence of changes in DNA concentration, seems to be ruled out by the observations reported in this paper. The DNA concentration of a dnaA strain fell as the incubation temperature was raised. The cells became larger, but there was no change in diameter. In an accompanying paper (28), Zaritsky and Woldringh show that a reduction in the rate of deoxynucleotide addition which occurs in rep cells (10) likewise increases cell size without an effect on cell diameter. The two sets of experiments therefore seem to rule out either a direct or an indirect relationship between cell diameter and any event in DNA replication subsequent to that at which the dnaA gene product acts. As discussed elsewhere (14a), there may be steps in DNA replication that precede that at which the dnaA gene product acts in initiation of new rounds of replication. One of these steps could be coupled in some way to envelope synthesis.
The question remains: why does cell diameter vary with thymine concentration and with growth rate? In the case of the thymnine concentration effect, one possibility is that a thymine derivative influences envelope synthesis directly. It has been shown (7) that in thy strains of E. coli the level of a thymidine sugar, probably thymidine diphosphate glucose (TDPG), rises and falls in parallel with dTTP in response to changes in the extemal thymine concentration. Thus our initial interpretation of the changes in shape induced by growth of thy cells on low thymine concentrations could be correct except for the fact that the reduced rate of envelope synthesis is caused by a reduced intra' cellular concentration of TDPG rather than dTTP. Altematively, the change in shape could be due to a change in structure of the cell envelope, leading to fragility, as was suggested some years ago (1) .
The role of TDPG in envelope synthesis is not entirely clear. It is a precursor of thymidine diphosphate rhamnose, which is a precursor of rhamnose residues in the lipopolysaccharide of the cell envelope. Thus it is conceivable that changes in thymine concentration modify the composition or rate of synthesis of lipopolysaccharide. But many of the widely used E. coli K-12 strains are unable to synthesize thymidine diphosphate rhanmnose as a consequence of a mutational lesion which occurred early in the pedigree of strains now used for genetic analysis (12) . These strains have not been reported to show any abnormalities of growth or cell shape.
An alternative possibility is that TDPG exerts a regulatory role on the synthesis of other pyrixnidine sugars such as uridine diphosphate glucose. This sugar is involved in the synthesis of both the lipopolysaccharide and peptidoglycan components of the cell envelope. Thus it has been found that mutants of E. coli K-12 that are resistant to T-even phages (presumably as a result of changes in the composition of the cell envelope) show substantial and reciprocal changes in the levels of the pyrophosphorylases involved in the synthesis of TDPG and uridine diphosphate glucose (13) . These were associated with corresponding changes in the levels of the sugars themselves. Some of these mutant strains were sensitive to UV light and lysed after forming spheroidal cells or filaments when irradiated (14) . These observations suggest a possible regulatory role for TDPG in lipopolysaccharide or peptidoglycan synthesis. On the other hand, "deep rough" mutants of Salmonella typhimurium have been described which are probably incapable of TDPG synthesis (24 
